AbstRACt: Forest fires under conditions of the Czech Republic are evaluated from the aspect of their frequency of occurrence in 1992-2004 at a level of particular years, seasons, days and daytime, and causes of their origin. They are confronted with a situation in the CR in [1974][1975][1976][1977][1978][1979][1980][1981][1982][1983]. Effects of climatic conditions are a limiting factor not only for the frequency of their origin but also for the size of the burnt area. Spring (April) and summer (August) culminations were balanced. The burnt area of the best part of forest fires (88.9%) was < 1 ha. The increased frequency of forest fires was noted in afternoon hours and during weekends. Areas threatened by fires are characterized by the increased visit number. In the spectrum of causes, a dominant position is taken up by fire raising, smoking and management in the forest. Railway operation and lightning represent minority causes of the origin of forest fires. In the course of the year, the structure of forest fire origin changes depending on activities in the forest and visit number.
Forest fires depending on site conditions and their extent can disturb the stability of forest ecosystems. Affected areas show changes in their water regime, in the content and composition of nutrients and their cycling, physical and chemical properties of soil (Boerner 1982; Kubíček, Šomšák 1982; Certini 2005; Šomšák et al. 2009 ). Extensive forest fires affect the air quality even to a long distance (Li et al. 2010) . Trees and sites affected by forest fires create conditions for the development of some saproxylic species, e.g. Melanophila acuminata (DeGeer) (Evans 2010; Boulanger et al. 2010) . In Europe, Mediterranean regions unambiguously differ from regions of central and northern Europe (Anonymous 2005) in the frequency and extent of burnt areas.
Measures proposed in the area of the prevention of origin and elimination of forest fires can also be based on the evaluation of forest fires in relation to climatic factors, season, daytime, and causes of their origin. With the development of society, characteristics of forest fires also partly change, particularly the proportion of causes of their origin. In addition to ordinarily occurring types of forest fires (ground, surface, crown) the fire of a gale-disaster area (Chromek 2006) was newly attached to the types mentioned above due to the specific properties of the fire spreading. In relation to papers of Nechleba (1927) , Pfeffer (1938 Pfeffer ( , 1961 , Felix (1948) , Hodr (1963) and Kunt (1967) , forest fires in the CR were described by Kula (1980 Kula ( , 1981a Kula ( -c, 1985a . Forest fires in the CR are caused nearly exclusively by an anthropogenic factor, because the proportion of fires initiated by lightning does not exceed 2% (Kula 1985b) . The aim of the paper is to characterize forest fires in 1992-2004 and changes in comparison with the period of 1974-1983 from the aspect of their occurrence and causes of origin.
MEthods
The database of 15,985 forest fires (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) results from the manually verified central records Supported by the Ministry of Educa tion, Youth and Sports of the Czech Republic, Project No. MSM 6215648902, Netex Ltd., Constellium Decin Extrusions Ltd., District authorities in Decin, Nadace CEZ Co. Prague, Lafarge Cement Co. in Cizkovice, Severoceske doly Co. Chomutov, Dieter Bussmann Ltd.
of fires of the General Directorate of Fire Rescue Service of the Czech Republic (GR HZS CR) to exclude non-forest fires such as fires of woody ornamentals in parks, grass fires in fields and meadows etc. as well as data on forest fires from the period of 1974 -1983 (Kula 1985a . Climatic characteristics (mean temperatures and regional precipitation for the CR in 1992 CR in -2004 were provided by the Czech Hydrometeorological Institute (CHMU) in Prague.
To process data, forest fires were categorized by their size (< 100 m 2 , 100-1,000 m 2 , 0.1-1 ha, 1-5 ha, 5-30 ha, 30-50 ha, 50-80 ha, ≥ 80 ha) as well as by the time of their outbreak (0-9, 9-11, 11-13, 13-15, 15-17, 17-19 and 19-20 h) . With respect to the change in the procedure of fire records after 1990, comparable categories (0-10/0-128; 11-20/129-256; 21-30/257-384; 31-40/385-512; 41-50/513-640 ; 50+/641+) were created for the purpose of comparing the periods of 1974-1983 and 1992-2004 . Causes of forest fires were united and at the establishment of fires in nature and at landings, a separate category management in the forest was detached in the period 1992-2004.
Climatic conditions
The second half of the monitored period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) was characterized by marked deviations in total precipitation on the area of the CR. The year 2003 was dry (507 mm) as against the 1961-1990 normal (672 mm), the years 1992 (April-May and August-September) and 1999 (May, August) were subnormal in precipitation. The years 2001 (March-April and July-September), 2002 (August-November) and 1995 (March-June and August-September) were classified as very rich in precipitation. Other years (in spite of partial monthly extremes) oscillate at a level of the longterm normal (Fig. 1) . Mean temperatures ranged above the long-term normal of 7. 5°C (1961-1990) throughout the monitored period (with the exception of 1996). The months of January-March and August were affected by a marked decrease of temperatures in 1996 (Fig. 1) .
REsults

Forest fire occurrence
In the monitored period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , some 15,985 forest fires with the total burnt area of 7,825 ha were registered. The frequency of occurrence and the size of the affected area were influenced particularly by climatic conditions. Forest ecosystems were threatened most by fires in 1992 (13.9% fires, 14.6% burnt area, mean 0.52 ha•fire -1 ) and further in 1998 (10.7%), 1994 (10.5%) and 2003 (10.2%) ( Table 1 ). The year 1996 was characterized by the largest total burnt area (21.9%), on average 1.74 ha•fire -1 (Table 1 ). The highest number of forest fires broke out in August (19.3%) and April (18.8%) when the most extensive area was burnt, namely 44.8% (1.16 ha•fire -1 ) (Fig. 2) . In spring months, the frequency of fires up to an area of 0.01 ha decreased, on the other hand, the frequency of fires of an area of 0.1-1 ha and 1-5 ha increased. Fires of an area of 0.01-0.1 ha occurred all the year round, particularly in the growing season (Fig. 3) . Forest fires most often (51.3%) started in the afternoon (13-18 h), particularly between 14 and 16 h (23.2%) (Fig. 4) . The burnt area of the best part of forest fires (88.9%) was < 1 ha (long-term average 0.49 ha•fire -1 ). Large fires (≥ 5 ha) were recorded sporadically (1.5%) but with the dominant propor- (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) Year tion in the total burnt area (47.6%). More extensive areas affected by forest fires originated during weekends (Fig. 5) . Most fires were reported in the North-Bohemian (18.7%) and Central-Bohemian Regions (17.8%) and the maximum total burnt area in the South-Moravian (20.8%) and West-Bohemian Regions (18.3%) (Fig. 6) . The most risky area in the monitored period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) 
Causes of forest fires
In the spectrum of forest fire causes (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , fire raising (22.6%) with the proportion of total burnt area 22.1% showed a dominant position followed by smoking (22.4/17.3%), management in the forest (10.1/11.7%) (originally included in the category of fire raising), children under 15 years (4.6/3.1%). Unexplained fires accounted for a high percentage (29.9/33.3%). Fires caused by the railway operation (1.88 ha•fire -1 ) and as a result of technical defects (1.20 ha•fire -1 ) were not numerous, however, their (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) area was large. Under Central-European conditions, the significance of lightning is low ( Table 2 ). The setting of fires in the forest became evident by the increased frequency in 1992-1994 (10.3 to 14.4%) and, generally, this cause was related to the spring season -April (21.2%; burnt area 46.4%, 1.05 ha•fire -1 ) and March (1.02 ha•fire -1 ) (Fig. 9 ) and weekends (34.2%). This reason was profiled more markedly in the southern part of the Central-Bohemian Region and in the South-Bohemian Region, particularly on the border with Austria, in the Bohemia-Moravian Uplands and Northern Bohemia (Česká Lípa, Děčín districts and Liberec) (Fig. 10) .
The category of management in the forest includes forest fires that most often broke out during the burning of logging slash or due to negligence of forest workers (smokers, insufficiently extinguished fire) ( Table 2 ). An increased percentage of fires of this category is reported in April (43.5%) and in May (13.2%), August culmination is missing. The time of fire outbreak is most often at 11-14 h (32.7% fires, 44.3% burnt area).
Areas with the increased occurrence of fires of this category were in the South-Bohemian and ). July-August (41.5%) or May (16.4%) are risky months; as for the size of burnt area, it is April (49.2%) (Fig. 12) . Slightly increased occurrence is characteristic of weekends (33%) an surprisingly Monday (39%). Fires caused by smoking occurred most frequently at afternoon hours (13-17 h; 41.8%). Dečínsko, Českolipsko, Krušnohoří and Podkrkonoší and the surroundings of Prague (particularly the south) were mostly threatened by smokers.
Children under 15 years caused relatively few forest fires (731; 4.6%) of an area of 241 ha (3.1%) and Spring months (April-May; 45.6%) and holidays (July-August; 25.4%) were a critical period (Fig. 13) . The occurrence of fires was slightly increased at the end of the week (Friday-Sunday; 46.2%). During the day, fires occurred particularly between 13 and 19 h (73.6%). The North-Bohemian Region (29.1%) and the surroundings of larger cities (Prague, Brno, Kladno) and Ústí nad Labem, Most, Teplice and Chomutov districts were threatened to the greatest extent (Fig. 14) .
Intentionally started fires in the forests (550, 3.4%) with the burnt area of 165.2 ha (2.1%) happened particularly in the dry year 2003 (12.7%). Arsonists set on fire piles of logging slash, grass or feed racks. An increased occurrence was in May (20.2%) and in the period of July-September (45.6%) (Fig. 15) with the culminating burnt area in April-May (51.1%). During a week, these fires started uniformly with a marked shift towards afternoon and night hours (41.5%) after 16 h. Risky areas were in the vicinity of Kladno (64 cases), Meziboří Most district (25), Litvínov (16) and Děčín (12).
The railway operation is not important any longer as a factor of the forest fire outbreak. The occurrence decreased down to 0.01% (2004), but generally, the large average burnt area (1.88 ha•fire -1 ) is characteristic of this cause, particularly at August and April fires (> 2.5 ha). Fires started within a Lightning as an abiotic factor was the cause of a negligible number of fires (1.4%) and burnt area (0.5%). The fires generally happened in the growing season (Fig. 16) . A higher percentage of light- Number of fires ning fires occurred in Jindřichův Hradec (8.2%) and Třebíč (7.7%) districts. The southern part of the CR was exposed to higher lightning frequency.
disCussion distribution of forest fires
In the growing season, the frequency and extent of forest fires in the CR were unambiguously affected by climatic conditions, which follows from the situation of dry years (1992 and 2003) and years with aboveaverage precipitation (2001 and 2002) (Fig. 17) . Kula (1981) found that the precipitation-poor years 1974 and 1976 accounted for 73.7% of fires in 1974-1978 and in 1983 , the number of fires (587) reached nearly a double of the 10-year average (311) (Kula 1985) .
The average annual number of registered forest fires decreased from 341 (1974-1978) to 282 (1979-1983) and culminated with 1,230 fires·year -1 (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , the average area of fire diminish- (Kula 1981 (Kula ) and 1979 (Kula -1983 ) (Kula 1985) . Particularly drought in spring months profiled with its annual proportion of fires in 1974 (April 44.7%; March 50.9%), 1976 (April 41.2%; May 35.6%) (Kula 1981) and 1979 (38.7%) and 1981 (61.4%) (Kula 1985) . In general, two periods (March-April and July-August) are supposed to be the most critical time for forest fire outbreak.
The year 1996 is considered to be unusual as for the number of forest fires (6.6%) although it was a year with the precipitation normal and average. Nevertheless, in April, forest fires broke out in their extreme extent in relation to Central-European conditions with the proportion of annual burnt area 93.2% (2.3 ha•fire Since 1974, the distribution of forest fires has changed in the course of the year. A rise was proved in summer months (July-August) from 9.8% (1974) (1975) (1976) (1977) (1978) (Kula 1981 (Kula ) to 24.4% (1979 (Kula -1983 (Kula 1985 (Kula ) up to 32.2% (1992 (Kula -2004 ) and a decline in spring months (March-May) from 80.5% (Kula 1981) to 55.4% (Kula 1985) to a balanced level in March-May (40.5%) and June-August (41.8%) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (Fig. 18) .
In Poland, a seasonal maximum (60%) occurs in spring months (April-May) (Anonymous 2005) . Annual maxima mentioned above (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) are profiled by causes of the forest fire origin, which reflect changing anthropogenic activities in forest ecosystems and areas related to them. The cause of management in the forest markedly decreased from 22.9% (April) to 2.3% (August) and smoking increased from 13.3% (April) to 27.8% (August) and the proportion of lightning from 1 (April) to 82 cases (August). The category of setting forest fires remains balanced 25.6% (April), 22.3% (August), children under 15 years 6.4% (April), 4.3% (August) (Fig. 19) . tion (1992-2004) A partial increase in the occurrence of forest fires occurs during weekends (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) according to conclusions of Kula (1985) . In the course of a working week, the proportion of forest fires was balanced whereas Kula (1985) showed a difference between Monday (17%) and Friday (10.7%).
The higher frequency of forest fires in the afternoon (12-14 h) was caused by more favourable climatic conditions -lower relative air humidity, higher temperature and solar radiation intensity, increased movement and activities of people in the forest. The high proportion of fires (> 50%) during management in the forest after 13 h was caused particularly due to negligence at the burning of logging slash (Fig. 20) .
Increased storm activities and fires caused by lightning occurred in the afternoon and evening hours and at night (15-23 h). Children up to 15 years participated in the origin of fires between 13 and 17 h (30.4%) and adults between 15 and 23 h (56.0%). The distribution of forest fires during the day according to the fire size was different. Fires in the category < 1 ha occurred all day long, large fires ≥ 5 ha rather in the afternoon (13-17 h) (Fig. 21) . The daily culmination of the occurrence of forest fires shifted from 11-15 h (62%) (Kula 1981 (Kula ) to 13-17 h (43.2%) (1992 (Kula -2004 (Fig. 22) .
Causes of forest fires
Causes of forest fires and their extent in the course of the year were dependent particularly on predominating activities of man in the forest or in its neighbourhood.
The main cause of the increased frequency of forest fires of an area of 1-5 ha in the spring season n 1974-1978 = 1,703 n 1979-1983 = 1,408 n 1992-2004 = 15,985 1974-1978 1979-1983 1992-2004 Month (February-April) was management in the forest (28.2%) and starting the fires (27.7%). Sparks from a steam engine (railway), which were the most important cause of forest fires in the first half of the 20 th century (Pfeffer 1961) , decreased to 5% and later down to 1% in the 70s and 80s of the last century (Kula 1985 (Kula ) (1992 (Kula -2004 (Fig. 23) .
In [1974] [1975] [1976] [1977] [1978] [1979] , sparks from the steam engine exhausts were one of the main causes (19.6%) of forest fires in the CR (Kula 1981) . Effects of the railway modernization at the end of the 70s and the total removal of steam traction in 1980 resulted in the fall of the fires from 19% (1974) to 10.5% (1977) and 7.5% (1978) (Kula 1981) .
According to Kula (1985) , smokers travelling by train and carbon flying from exhausts of Diesel engines as well as hot cinders from braking blocks participate in the risk of the fire origin along railway. These facts were confirmed by the analysis of data from 1992 to 2004, the proportion of smokers being decreased.
Fires originating in forest management happened rather evenly early in spring and in autumn. This occurrence corresponded to activities in forest management: spring preparation for forest regeneration, logging operations, autumn reforestation. A reason for the origin of these fires consisted in negligence of forest workers and in the inobservance of principles for the burning of logging slash (burning under unsuitable climatic conditions in the period of dry or windy weather, insufficient localization and leaving places of burning beyond control) (Fig. 24) .
Management in the forest as a cause of forest fires is a problem occurring particularly at private forest owners who burn logging slash not taking into account recommended safety measures. In Poland, up to 40% forest fires break out due to negligence and the high proportion of fire raising. The number of fires spreading into the forest from non-forest land increases (burning herbage and agricultural land) (Anonymous 2005) .
Management in the forest as a cause of fires was included in the category of fire raising in nature in [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] . Forest management workers participated there by 50% at logging slash burning (Kula 2006, oral communication) , heating meals and pre- cociously leaving their workplace (Kula 1985) . It is also related to the frequency of fires in the course of the day (11-13 h) (Kula 1985) .
Lightning is an interesting cause of the origin of forest fires. Impacts of lightning in connection with forest fires are negligible. However, lightning causes physiological disorders and kills the affected as well as neighbouring trees to various extents, which creates an available area for the development of cambioxylophagous insects and the occurrence of bark beetle foci (Kula, Ząbecki 1997a,b) .
ConClusion
Under conditions of the Czech Republic, forest fires (15,985) correspond by their frequency and area (7,825 ha) to Central-European climatic conditions being the response of the forest cover percentage, visit number and the extent of measures aimed at the mitigation of the origin and effectiveness of forest fire elimination. Characteristics of fires that broke out in forest stands in the CR in [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] show that effects of climatic conditions are limiting not only for the frequency of fire origin but also for the size of a burnt area. Spring and summer culminations were balanced while in 1974-1983 spring culminations were dominant. The burnt area of the best part of forest fires (88.9%) was < 1 ha. Increased frequency of fires occurs in the afternoon, during the weekend. Endangered areas are characterized by the increased visit number. In the spectrum of causes, fire raising, smoking and management in the forest take up a dominant position. Railway operation and lightning represent minority causes of forest fires. In the course of the year, the structure of the forest fire ori- n 1974-1978 = 1,703 n 1979-1983 = 1,408 n 1992-2004 = 15,985 1974-1978 1979-1983 1992-2004 Hour Fig 
